Fire field modelling (Computation Fluid Dynamics) has become more and more attractive as a critical design tool to meet Performance-based fire design on advanced modern buildings. This paper describes the application of Computational Fluid Dynamics (CFD) to predict velocities and temperature distributions induced by a fire in a Steckler's experimental data [1]. The experimental data of different fire loads is taken as case study for present investigation. The experiments of Steckler's compartment fire were conducted to investigate fire-induced flows through the opening in a compartment of size 2.8 m × 2.8 m × 2.18 m (height). The compartment has a doorway opening of 0.74 m × 1.83 m to account the ventilation condition. A porous gas burner is flushed at the floor in the centre of the room with the diameter of 0.3m in the compartment. With the above experimental data, simulation studies were performed with combustion modelling using commercial code of ANSYS CFX-5. The comparison of simulation results of fire field models with experimental domain for different strengths of fire 31.6, 62.9, 105.3 and 158.0 kW is reported. The boundary conditions of the simulation are kept constant, only fire strength is changed to see the performance of the CFD tool. The door centreline temperature, velocities and room corner temperatures are predicted and compared with experimental data as well as with FDS. The results are in good agreement with the experimental data.
provide insight and understanding for hazardous scenarios that may not be practical to investigate experimentally. For applications in the field of safety case analyses, one of the barriers to the practical use of CFD to make important decisions is validation of the model. There is argument on whether CFD can be used to demonstrate a safe design and operation basis, by making intelligent decisions on the known strengths and weaknesses of the mathematical model. Therefore, a procedure to validate the models to predict complex flow is very important, that is, a systematic comparison of model predictions with reliable experimental data. Popular field models [e.g. [2] [3] [4] [5] [6] such as PHOENICS, JASMINE and CFX/FLOW3D have been evaluated for simulating building fires. The mathematical field model JASMINE [2] used for validation of Six-bed hospital ward fire. The transient temperature predictions agree reasonably well with the measurements, especially in the far field. Some discrepancies are, however, evident in the gas concentration profiles. PHOENCIS CFD [3] software used to simulate fire induced flows in domestic-sized rooms. Several scenarios are examined consisting of various fire sizes, fire locations, and door sizes. However, significant smearing is observed in predicted temperature profiles in the vicinity of the confining walls. The CFD studies performed with PHOENICS, CFX and SMARTFIRE [5] to provide the standards/benchmarks is to aid fire safety. The cases had been simulated with identical physics and computational meshes with similar convergence criteria applied. All of the software products tested is capable of generating similar results. These three codes have a similar basic capability and are capable of achieving a similar basic standard.
While there are minor differences between the results generated by each of the software products. Only one of the software producers chose to participate in vigorous study, namely SMARTFIRE [6] . In studying the outcome it is clear that by activating sophisticated physical models, the software product tested was capable of generating improved predictions against theoretical and experimental data in all of the cases examined. The detailed guideline has been discussed to choose the fire models [4] in the construction using computer-based models related to fire risk.
The flow rate of air into a compartment fire is a key factor in controlling the burning rate of the fuel and the products of combustion that emerge. To study the fire-induced flow a number of 55 experiments have been performed by Steckler, et al.
[1]. The Steckler's experimental data had been extensively used as a benchmark to validate various mathematical/computer fire models [14] [15] [16] . To account the door way flow behaviour due to fire in a room, an approximate mass flow formula [14] has been developed with the help of two existing zone models on effect of fire entrainment and vent mixing, a model based on an ideal point source plume fire. A new formula for fire-induced wall vent flow rate is developed with the extension of the above study to include the window mass flows [15] . A thorough examination concerning the difference between the window and doorway flow modes is conducted. Both sill height and width of the windows pose key influence on the formula. An Investigation had been carried out on the accuracy of predictions of fire-induced flow into a compartment by Fire
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Dynamics Simulator (FDS) [16] . The predictions of the study are reported with different grid sizes, an inclusion of radiative heat in the combustion model, and an increased computational domain. The input and setup changes (shift of fire location and door way width) made to the FDS simulation to account the prediction of mass flow rates, lower layer temperature, smoke layer height, and neutral plane height. The study allowed significant improvements in the prediction of mass flow rates for all three positions of the fire source. However, there is not much improvement for the remaining three parameters being compared: lower layer temperature, smoke layer height, and neutral plane height [16] .
The commercial CFD code ANSYS CFX-5 is used as a simulation tool in this paper. The validations study for the different fire strengths is still is a research gap, which has been addressed in this paper.
GOVERNING EQUATIONS OF COMPARTMENT FIRE MODELLING
The fire-induced in an enclosure can be described by the equations expressing the conservation of mass, momentum, enthalpy, and species concentrations in literature [7, 8] . A turbulence model, typically a two-equation model [9] or a large-eddy simulation model [10] is required for the closure of the above governing equations for turbulent flow situations. It is important to emphasize that the turbulence model must include the contribution of buoyancy force to the turbulent kinetic energy generation and dissipation. An illustration of the consequence of omitting these terms is given [11] . In the current study, the standard two-equation k-ε model of turbulence with buoyancy modifications was used because of its wide application in engineering problems and its validation pedigree for fire applications [9, 12] . Standard wall functions were used to estimate the turbulence kinetic energy and dissipation at the cell near the wall. A modified version of the eddy-break-up (EBU) model [13] was used here to account for the effect of the turbulence mixing on the combustion process. the Table 1 . The tetrahedral elements with medium size mesh mapping are selected for the domain. A non-uniform grid, with cell size increasing with distance away from the fire source, was used in order to optimize the total number of grid nodes for the whole computation. Figure 3 gives view of the mesh domain. The mesh has a maximum face size of 0.11 m.
EXPERIMENTAL DETAIL

GEOMETRY AND BOUNDARY CONDITIONS
These fining of mesh is done at near the fire source to account for turbulence, velocity effects in order to get more accurate result at the nodes. The details of the geometry and boundary conditions are given in Table 2 . The differencing scheme utilizes High Resolution with Turbulence equations are solved in first order. The runs were performed on a windows server with Intel(R) Xenon(R) CPU with 12 GB RAM. The contour section view from the centreline of the room for the predicted fire temperature distribution inside the compartment was shown in Figure 4 (a-d) . with respect to fire strength as well as distance from the opening. This is proven fact of the experimental measurements of fire.
Figure 3 Mesh mapping of the domain
a
Figure 5 Velocity vector profiles of the compartment fire
The temperature inside the room varies maximum in the range of 300 to 600 K. This is due to the continuous movement of hot and cold gasses moving through the door way.
In the hot zone the gases are moving continuously upward and after striking the wall there is formation of wake near to the wall (opposite to the door). The other side there is ventilation provided through the door way these hot buoyancy gasses are leaving. The boundary conditions of the door is defined as opening where the movement of the air and gases will takes place from low pressure to high pressure. The induced flow of air will takes place to compensate the pressure difference. The velocity vector at room centreline of the induced air and hot gases are shown in Figure 5 for 158.0 kW fire. Comparisons of the modelling results and experimental results for the natural ventilation tests are shown in Figure 6 to Figure 8 . it can be seen that the velocity deviation is more at the bottom of the compartment, caused because of induced velocity mass flow predicted by CFX is high compared to the experimental and FDS results. Temperature at the room corners are also measured and compared with the experimental data to account the behaviour of fire inside the room as shown in Figure 8 (a-d) . Table 3 . The computational time is more consumed for the 158.0 kW fire compared to 31.6 kW, 62.9 kW and 105.3 kW. The time consumed for the prediction of results by ANSYS CFX-5 relatively less compared to FDS. The computational time is increasing with fire strengths in both the cases is observed. 
Application of Computational Fluid Dynamics for Different Fire Strengths in a Compartment Using Combustion Modelling 45
CONCLUSIONS
ANSYS CFX-5 CFD tool results agreed reasonably well with the measured fire data in the room fire validation. The study has shown that the CFD fire model can provide reasonable predictions of the thermal flow fields under fully ventilated conditions.
Further studies are needed to be performed for under-ventilated, Air changes per hour (ACPH) conditions. The improved understanding of the fire dynamics and advances made in the numerical methods and computer hardware would have significant impact on the performance of CFD fire models in the future.
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